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[57) ABSTRACT

In a method and apparatus for controlling an air-condi-
tioning apparatus of a type driving a compressor motor
from a DC power source through an inverter, the pres-
ent current value of a DC input to the inverter is de-
tected, and, when the detected current value is larger
than a current limit value, the rotation speed of the
compressor motor is decreased by a predetermined
value. The current limit is controlled so that it changes

linearly relative to the rotation speed of the COMPpressor
motor.

3 Claims, 3 Drawing Sheets
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METHOD AND APPARATUS FOR CONTROLLING
AIR-CONDITIONING APPARATUS

BACKGROUND OF THE INVENTION

This invention relates to a method and apparatus for
controliing an overload of an air-conditioning apparatus
of a type in which an inverter and a variable-speed
motor driving a compressor are provided, and the in-
verter is controlled to change the rotation speed of the
variable-speed motor thereby controlling the heating
and cooling capacity of the air-conditioning apparatus.
More particularly, this invention relates to a method
and apparatus of the kind above described by which
such an air-conditioning apparatus is controlled so that
the pressure of coolant gas delivered from the compres-
sor may not exceed a predetermined setting under what-
ever operating condition of the air-conditioning appara-
tus and regardless of the load and rotation speed of the
motor driving the compressor.

The pressure of coolant gas delivered from a com-
pressor of an air-conditioning apparatus tends to exceed
a predetermined setting when the air-conditioning ap-
paratus operates under an overloaded condition, and
this must be avoided from the viewpoint of the reliabil-
ity of the piping of the cooling/heating cycle and also
from the viewpoint of exhibition of the proper cooling-
/heating capacity of the air-conditioning apparatus.

A prior art method for controlling an overload of an
air-conditioning apparatus is disclosed in, for example,
Japanese Patent Application No. JP-A-58-93469 filed
by Tokyo Shibaura Electric Co., Ltd. on Nov. 27, 1981.
According to the disclosure of the publication cited
above, direct current supplied to the input of an inverter
part is detected to set a current limit proportional to the
duty factor (the ratio of conductive interval to total
operating time) of inverter operation, and the air-condi-
tioning apparatus is controlled so that the value of the
direct current may not exceed the current limit. The
disclosed method has been effective in that motor cur-
rent supplied to a variable-speed motor driving a com-
pressor can be limited to a value smaller than a fixed
value. However, because the relation between the
motor current and the pressure of coolant gas delivered
from the compressor is not linear, it has not always been
possible to control the delivered gas pressure to a value
smaller than a fixed value. Let V and I represent the DC
voltage and current supplied to the input of the inverter
part respectively; N and T represent the rotation speed
and torque of the variable-speed motor respectively: v
represent the specific volume of the coolant gas when
compressed; and AH represent the compression en-
thalpy difference; following equations are expressed.

Electrical energy supplied to the motor=V X1

Mechanical energy supplied to the
compressor=Kk] XNXT (k;: a constant)

Thermodynamic energy supplied to the
cooling/heating cycle=ka X NXAH/v (k3: a
constant)

Assume herein that the efficiency of energy conversion

18 100%. Then, the following relation holds:

VXI=k{XNXT=kasxXNxXAH/v
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In the above expressions, AH and v include the deliv-
ered gas pressure Pd as a variable. Even if the DC volt-
age V obtained by rectifying a commercial AC voltage
may be maintained constant, the delivered gas pressure
Pd cannot be controlled by merely controlling the di-
rect current input I, because there is no proportional
relation between the direct current input I and the de-
livered gas pressure Pd.

With a view to overcome the prior art problem, it is
a primary object of the present invention to provide a
method and apparatus for controlling the rotation speed
of the compressor (the motor) so that the delivered gas

préssure may not exceed a predetermined setting under
an overloaded condition.

SUMMARY OF THE INVENTION

The present invention utilizes the fact that, even
when the direct current input is maintained constant,
the lower the rotation speed of the compressor, the
delivered gas pressure becomes higher. The manner of
control according to the present invention is such that
the limit of the direct current input to the inverter is
changed according to the rotation speed of the com-
pressor, and, when the direct current input exceeds the
limit, the rotation speed of the compressor is decreased
by a predetermined value, thereby controlling the deliv-
ered gas pressure to be equal to or lower than a prede-
termined setting.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an overall system diagram of an air-condi-
tioning apparatus controlled by an embodiment of the
method and apparatus according to the present inven-
tion.

FIG. 2 is a circuit diagram of an overload detection
circuit incorporated in the control circuit part shown in
FIG. 1.

FIG. 3 shows operating voltage waveforms appear-
Ing at various parts of the overload detection circuit
shown in FIG. 2.

FIG. 4 1s a flow chart showing a control program
stored in the microcomputer for carrying out the over-
load preventive control.

FIG. § is a graph showing the relation between the
direct current input to the inverter part and the rotation
speed of the compressor shown in FIG. 1.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

A preferred embodiment of the present invention will
now be described in detail with reference to FIGS. 1, 2,
3 and 4. FIG. 1is an overall system diagram of an air-
conditioning apparatus controlled by an embodiment of
the present invention.

Referring to FIG. 1, an AC voltage supplied from a
commercial AC power source 1 is rectified into a DC
voltage by a rectifier circuit 2, and the DC voltage V is

~supplied to an inverter part 3 which is constituted by,

for example, six transistors. This inverter part 3 may be
a known DC-AC converter constituted by semiconduc-
tor switching elements. The DC voltage input V to the
inverter part 3 and a direct current input I provided by
a voltage drop accross a resistor 5 are also supplied to a
control circuit part 6 to be applied to an overload detec-
tion circuit incorporated in the control circuit part 6.
On the other hand, a drive signal n having a frequency
and a duty ratio corresponding to a predetermined rota-
tion speed of a compressor 7 is applied to the inverter
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part 3 from the control circuit part 6 to switch over the

siX transistors constituting the inverter part 3. A three-

phase AC voltage corresponding to the predetermined
rotation speed of the compressor 7 is generated from the
inverter part 3 to be supplied to a variable-speed motor
4 driving the compressor 7. Parts disposed on the right-
hand side of the compressor 7 in FIG. 1 constitute a
system carrying out a cooling/heating cycle. The coo-
ling/heating cycle system includes a four-way valve 8
changing over the flowing direction of a coolant be-
tween the cooling cycle and the heating cycle, an in-
door heat exchanger 9, an outdoor heat exchanger 10,
and a capillary tube 11. This cooling/heating cycle
system is well known in the art. FIG. 2 shows the struc-
ture of the overload detection circuit incorporated in
the control circuit part 6, and FIG. 3 shows operating
voltage waveforms appearing at various parts of the
overload detection circuits shown in FIG. 2.

The operation of the embodiment of the present in-
vention will be described with reference to FIGS. 2 and
3. A drive signal n indicative of a commanded rotation
speed N of the compressor 7 is transmitted by way of a
plurality of signal lines from a microcomputer 601 to a
driver circutt 602. From one of the signal lines, the
signal 1s derived and applied to a transistor 620 through
a resistor 603. As shown in FIG. 3(a), this signal is in the
form of a train of negative-logic pulses having a period
T and a pulse width T/6. A transistor 621 is in its off
state during the period of time in which the signal
shown in FIG. 3(q) is in its high level. As a result, a
capacitor 622 is charged from Vcc through a resistor
605 to provide a voltage of sawtooth waveform as
shown in FIG. 3(b), and such a voltage is applied to a
minus input terminal of a first comparator 625. On the
other hand, a fixed reference voltage is provided by
dividing Vcc by resistors 616 and 617 to be applied to
one of input terminals of a first operational amplifier
628, and the inverter-input DC voltage V is applied
through a resistor 612 to the other input terminal of the
operational amplifier 628. The difference voltage ap-
pearing at the output terminal of the operational ampli-
fier 628 is applied, as a reference level, to a plus input
terminal of the comparator 625. The resultant output
voltage appearing from the comparator 625 is in the
form of a train of positive-logic pulses having a period
T and a pulse width (T/6+-t), as shown in FIG. 3(¢).
This pulse train output of the comparator 625 is aver-
aged by a resistor 607 and a capacitor 623 to be turned
into a DC signal, and this DC signal is applied through
a second operational amplifier 626 provided for impe-

dance transformation purpose to a plus input terminal of

a second comparator 627 as a limit Vg of the inverter-
input direct current I. On the other hand, the voltage
representative of the inverter-input direct current I is
applied to a minus input terminal of the comparator 627
after being averaged by a resistor 608 and a capacitor
624. When the temperature of external air or the room
temperature rises during operation of the compressor 7
rotating at the commanded rotation speed, and the load
torque of the motor 4 increases until finally the inverter-

‘mput direct current I exceeds the limit Vg, the output of

the comparator 627 turns into its low level. This low-
level signal is applied to the microcomputer 601 as an
overload indication signal.

The current limit Vg is expressed as follows:
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The motor 4 shown in FIG. 1 is a four-pole motor.
Therefore, the period of the drive signal n is expressed
as a function of the rotation speed N of the compressor
7, as follows:

30

S0 _ (2)
N

60 1
F==N—"X7=
From the equations (1) and (2) the current limit Vg is
expressed as follows:

(3)
VR =

where Rgpo and Rgig are resistance values of resistors
609 and 610 respectively. Since t is a constant value of
the circuit time constant determined by the combination
of the resistor 605 and the capacitor 622, the limit Vz of
the direct current I is expressed as a linear equation of
the compressor rotation speed N. That is, this current
limit VR changes linearly relative to the compressor
rotation speed N.

In response to the application of the overload indica-
tion signal, the microcomputer 601 generates and ap-
plies a modified drive signal n to the driver circuit 602
so that the rotation speed N of the compressor 7 de-
creases at a rate of 150 rpm during a period of time of 2
sec. This rotation speed control is carried out according
to a control program whose flow chart is shown in FIG.
5. The microcomputer 601 may be a known one.

The comparator 628 has a peripheral circuit which
corrects the value of the current limit Vg depending on
the level of the DC voltage. As described already, the
electrical energy Ee applied to the motor 4 is given by

Ee=V XI

Suppose that the operating conditions (the compressor
rotation speed, operating temperature, etc.) of the coo-
ling/heating cycle are kept unchanged. Then, because

Ee=constant

In such a case, a variation of the commercial AC voltage
supplied from the AC power source 1 will cause a cor-
responding variation of the inverter-input DC voltage
V. When the inverter-input DC voltage V increases, the
direct current I will decrease to a value smaller than the
current limit Vg, resulting in impossibility of limiting
the gas pressure delivered from the compressor 7.
Therefore, it is necessary to correct the value of the
current limit V g too when the DC voltage V varies. For
the purpose of the correction, the reference voltage
(corresponding to the rated voltage) obtained by volt-
age division by the resistors 616 and 617 is applied to-
gether with the actual DC voltage V to the comparator
628 to find the voltage difference therebetween, and this
voltage difference signal is applied to the plus input
terminal of the comparator 625. Thus, the input voltage
applied to the plus input terminal of the comparator 625
can be changed in proportional relation to the value of

1/V.
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The flow chart of the overload control program will
now be described with reference to FIG. 4. First, in step
100, judgment is made as to whether or not an overload
control mode has occurred. When the result of judg-
ment proves that an overload mode has not occurred,
the presence or absence of an overload indication signal
(a low-level output from the comparator 627) is
checked in step 101. When the overload indication s1g-

nal is not present, the program proceeds to an ordinary
rotation speed control routine. This routine is the same
as that commonly employed in a conventional inverter
control program, and any detailed description thereof is
unnecessary. On the other hand, when the overload
indication signal is present, a drive signal for decreasing
the compressor rotation speed N at a rate of 150 Tpm
during a period of time of 2 sec is generated in step 102.
After standing by for 2 sec in that state in step 103, the
presence or absence of the overload indication signal is
checked again in step 104. When the overload indica-
tion signal is still present, an overload flag is set in step
105, and the program returns to the step 100. On the
other hand, when the overload indication signal disap-
pears as a result of the deceleration of the compressor
by 150 rpm, the step 105 is skipped, and the program
returns to the step 100.

On the other hand, when the result of judgment in the
step 100 proves that the overload mode has occurred
(by checking the overload mode flag), whether the
present compressor rotation speed N is less than or
equal to the rotation speed setting is checked in step
201. When the present compressor rotation speed N is
less than or equal to the rotation speed setting, the pres-
ence or absence of the overload indication signal is
checked in step 202. The presence of the overload indi-
cation signal indicates that the value of the direct cur-
rent I 1s still larger than the value of the limit V r. In
- such a case, the drive signal n for decreasing the com-
pressor rotation speed at the rate of 150 rpm during a
period of time of 2 sec is generated again in step 203.
After standing by for 2 sec in that state in step 204, the
program returns to the step 100. The loop described
above 1s repeated until the overload indication signal
disappears. When the resuit of Judgment in step 202
proves the disappearance of the overload indication
signal, the program proceeds to step 301. Due to the
step of deceleration, the compressor rotation speed N is
now lower than the setting. Therefore, in the step 301,
a drive signal n for increasing the compressor rotation
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curve. In FIG. §, it is supposed that the DC voltage V

IS constant.

It will be seen from FIG. 5 that the curve represent-
ing the current limit Vg is substantially parallel to the
constant pressure lines, and this means that the deliv-
ered gas pressure Pd is effectively controlled. There-
fore, when the external air temperature is low in the
case of heating operation, the air-conditioning appara-
tus operates under a light-loaded condition, and the
compressor rotation speed N can be increased. That is.
the heating capacity can be fully exhibited. On the con-
trary, when the external air temperature becomes high,
the air-conditioning apparatus operates under an over-
loaded condition, and the compressor rotation speed 1s
kept at a low value, so that the burden on the compres-
sor and piping can be lightened.

In the foregoing description of the embodiment of the
present invention, the compressor rotation speed is
decreased at a rate of 150 rpm during a period of 2 sec
under an overloaded condition. However, the present
invention is in no way limited to the deceleration rate
specified above, and various values can be employed as

- required. Further, it is apparent that the inverter is in no
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speed N by 150 rpm is generated. After standing by for

a predetermined period of time in that state in step 302,
the program returns to the step 100. Then, when the
compressor rotation speed N exceeds the setting, the
overload mode flag is reset in step 401.

FIG. 5 is a graph showing the results of current con-
trol according to the present invention. In this graph,
the horizontal axis represents the compressor rotation
speed N, and the vertical axis represents the direct cur-
rent 1. Two solid curves represent the relation between
N and I under an overloaded condition (operation at
high ambient temperatures) and a light-loaded condi-
tion (operation at low ambient temperatures) respec-
tively. Broken curves are constant gas pressure lines
representing the relation between N and I at three pres-
sure values Py, Py and Pys respectively. A one-dot
chain curve represents the current limit V. It can be
seen that the current limit Vg changes linearly relative
to the compressor rotation speed N. The air-condition-
Ing apparatus operates in a region lower than the V R
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way limited to the type composed by transistors, and an
inverter composed by semiconductor switching ele-
ments such as thyristors can be equally effectively em-
ployed.

We claim:

1. A method of controlling an air-conditioning appa-
ratus of a type driving a compressor motor from a DC
power source through an inverter, comprising the steps
of:

detecting the present current value of a DC input to

said inverter:

generating an input current limit corresponding to a

- rotation speed of said compressor motor:

comparing the present current value of the DC input
to said inverter with said input current limit and
generating an overload indication signal when the
present current value of the DC input to said in-
verter is larger than said input current limit; and

controlling an inverter drive signal upon appearance
of said overload indication signal thereby changing
the rotation speed of said compressor motor until
the present current value of the DC input to said
Inverter becomes smaller than said input current
limit; and wherein, in the step of generating said
input current limit, said limit is set at a value given
by a linear equation of said motor rotation speed.

2. A method of controlling an air-conditioning appa-
ratus of a type driving a compressor motor from a DC
power source through an inverter, comprising the steps
of:

detecting the present current value of a DC Input to

said inverter:

generating an input current limit corresponding to a

rotation speed of said compressor motor;
comparing the present current value of the DC input
to said inverter with said input current limit and
generating an overload indication signal when the
present current value of the DC input to said in-
verter 1s larger than said input current limit: and
controlling an inverter drive signal upon appearance
of said overload indication signal thereby changing
the rotation speed of said compressor motor until
the present current value of the DC input to said
inverter becomes smaller than said input current
limit and wherein the step of generating said Input
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current limit further includes a step of changing means for comparing said present current value with
said limit in inversely proportional relation to the said input current limit value and generating an

voltage value of the DC input to said inverter overload indication signal when said present cur-
' rent value is larger than said input current limit

3. An apparatus for controlling an atr-conditioning s value: and
apparatus of a type driving a compressor motor from a means for controlling an inverter drive signal upon
DC power source through an inverter, comprising: appearance of said overload indication signal re-
inverter driving means for controlling the output of gardless of said speed command value thereby
said inverter by a drive signal corresponding to a changing the rotation speed of said compressor
command value commanding the rotation speed of 10 motor until said present current value becomes

smaller than said input current limit value, and
wherein said means for generating said overload
indication signal further includes means for chang-

said compressor motor;
means for detecting the present current value of a DC

mnput to said inverter; o ing said input current limit value in inversely pro-
means for generating an input current limit value ;5 portional relation to a variation of the voltage

corresponding to a rotation speed of said compres- value of the DC input to said inverter.
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